Stabilizing the local elemental stoichiometry is an important step toward restoring species diversity in a damaged ecosystem, especially those affected by wildfire. Stability of nitrogen (N) utilization is mainly affected by wildfire through restoration, which is one of the most important parts of stoichiometric utilization. However, the mechanisms underlying the relationship between N utilization stability and species diversity are not well understood in burned areas. We investigated variation in species diversity and in the stability of leaf N utilization of locally dominant tree species in a series of burned areas during early community restoration following wildfires of different intensities. This study shows that low fire intensity led to an increase in the soil N concentration, and significantly affected the utilization of leaf N. With higher fire intensity, the leaf N concentration first decreased, and then increased as fire intensity increased. The dominant trees showed more stable N utilization at a medium intensity, compared with other intensities, but the stability of N utilization was overall higher for the dominant species than for the regenerating pioneer species. We also concluded that other soil nutrients altered the stability of plant N utilization, which we found was closely related to species diversity during restoration. The Shannon index and N utilization stability in burned areas were most significantly correlated. The N utilization stability regulation between soil total nitrogen (STN) and leaf total nitrogen (LTN) (H STN-LTN ) of Betula platyphylla Suk (BPS) correlated significantly and positively with the increase of the Shannon index (H), but the H SMN-LTN of the dominant species correlated significantly and negatively with H.
Introduction
Wildfire is the primary cause of disturbance in boreal forest ecosystems, and also leads to forest ecosystem succession [1, 2] . Soil nutrients and community composition, in particular, are strongly affected by wildfire. As a result, wildfire alters both nutrient utilization strategies of plants and nutrient cycling [3] . These physical and chemical changes in the soil can vary depending on differences in the intensity and frequency of wildfires, and can in turn affect the process of forest community succession [4] . It is generally believed that changes in soil nitrogen (N) concentration are related to fire intensity, and that soil N dynamics are affected by forest wildfires through volatilization, ash deposition, plant absorption, and changes in soil microbial carbon substrates and soil organic matter [5, 6] . Wildfires return immobilized N, which increases the amount of N available to plants [7, 8] . Community composition changes also directly affect the spatial distribution of soil N availability and long-term N storage in burned ecosystems [9] , so it is an important factor in determining the feasibility of ecological processes such as vegetation restoration [10] . To unravel the mechanisms of >22 • C). Dominant tree species include Larix gmelinii (Ruprecht) Kuzen, Pinus sylvestris var. mongolica, Picea koraiensis, Betula platyphylla, Populus davidiana, and Populus suaveolens. Understory vegetation is dominated by shrubs, including Ledum palustre, Vaccinium vitis-idaea, Rhododendron dauricum, Vaccinium uliginosum, and Eriophorum angustifolium [38] . Soils in this region are classified as brown coniferous forest soil [39] .
The decomposition rate of combustible matter under the forest is relatively slow, and the load of combustible matter in forest land is relatively large, so wildfires tend to occur every year. The Great Xing'an ecosystem is primarily affected by natural and human-caused fire disturbances. These fire regimes are characterized by frequent surface fires mixed with infrequent stand-replacing crown fires [40] . This investigation found many previously burned sites in the forest area; where scientists went on to perform the post-fire experiments.
Field Sampling
The chosen study sites covered 185 ha and was burned from June to September 2009. Fire intensity refers to either the proportion of organic material consumed, or the vegetation mortality directly induced by the fire [41] . We estimated fire intensity based on the difference normalized burn ratio (dNBR) [11] of before and after Landsat images, and obtained the tree mortality, black height and percentage of surface fires [42] from the local forestry department. We then classified fire intensity into four levels; unburned, low, medium and heavy intensity. For more details, see Table 1 . We selected burned areas that were adjacent to comparable, adjacent unburned areas. At the end of July 2017, we established 12 plots (20 × 20 m), with nine plots located in the burned sites of three different fire intensities, and the other three plots in the adjacent unburned sites. Each plot selected had a slope of <5 • and was north-facing. The elevations of the plots ranged from 570~580 m. To avoid spatial autocorrelation and edge effects, all plots were located at least 200 metres apart and 100 metres away from roads. We sampled each tree in the selected quadrats to obtain basic plot information and calculate the species diversity, Shannon index, (H). In each plot, we collected leaf samples from three species: Larix gmelinii (Rupr.) Kuzeneva (a dominant tree species), Betula platyphylla Suk. (a secondary pioneer tree species) and Ledum palustre L. (a dominant pioneer shrub species). Betula platyphylla Suk. and Ledum palustre L. are species that first appeared post-fire and represent the progression of community succession. Ledum palustre L. was a dominant species, having an advantage in the unburned area and able to survive in the burned area. We sampled 20 leaves without pests and diseases from each individual using high branch shears. We selected fully expanded leaves located in the middle to outer layers of the crown. (We collected 10-15 leaves from plant.) The leaves were stored in self-sealed bags in an incubator until we were able to dry them for 24 h at 80 • C to preserve them.
At each plot, we cleared aboveground plant material, live roots and ash from the surface and then collected three soil cores from each of five points in the quadrat (four vertices and the center) at depths of 0-10 cm and 10-20 cm using a 25 cm metal soil corer. The fifteen cores were then combined into one composite sample per plot. Fresh samples were placed in polyethylene zip-lock bags, stored in a cooler with ice, and then transported to the laboratory, where they were preserved at −25 • C.
Measurements
We analyzed soil samples ten days after collecting them. The soil samples were mainly used to determine the concentration of soil microbial biomass nitrogen (SMN/gCkg −1 ) and the concentration of soil total nitrogen (STN gkg −1 ). To determine SMN, we used a chloroform fumigation extraction method. We analyzed the filtrate immediately after pretreatment using a Multi N/C ® 3100 TOC (Analyticjena, Jena, Germany). To determine STN, we used a Se-CuSO 4 -K 2 SO 4 -H 2 SO 4 boiling method and filtered and analyzed the solution using AutoAnalyzer 3 HR (Seal Analytical GmbH, Hamburg, Germany) after determining the volume. The dried leaves were grinded, screened with 1 mm, and 5 g of the sample was weighed by an analytical balance. We measured leaf total nitrogen (LTN/g kg −1 ) using a H 2 SO 4 -H 2 O 2 boiling method. We filtered the boiling liquid, stored it with distilled water, and analyzed it using AutoAnalyzer 3 HR (Seal Analytical GmbH, Hamburg, Germany).
Data Analysis
To estimate the strength of leaf N utilization stability under fire intensity, we performed regression analysis and fit the data to the homeostatic model equation [15] : y = cx 1/H , where y is LTN and x is STN or SMN (normalized to dry mass before fitting H) to calculate H, which is represented by H STN-LTN and H SMN-LTN . Then we defined H STN-LTN and H SMN-LTN as the stability of N utilization for leaves and soil respectively. In the equation, c is a constant. We obtained values of H and c when analyzing the relationship between y and x using regression analysis (Table S1 ). A high value of H indicated strong stability in N utilization.
We checked for normality of the data by using one-sample K-S (Kolmogorov-Smirnov) analysis and for homoscedasticity by using one-way analysis of variance (ANOVA) before continuing with statistical analyses. We also log-transformed all the data when fitting the H model in order to correct deviations from these assumptions. We used repeated measurements of ANOVA to test for variation across fire intensity (factors) and soil layers (x) sampled here ( Figure 1 ). We used linear regression to assess the relationships between H and element concentrations across all treatments. We used variance analysis to assess the diversity of species (i.e., species richness (S), and H) (Table S2 ). Because changes in N affected plant species richness and utilization stability simultaneously, it was difficult to assess the factors individually (Duffy, 2009). We calculated Pearson correlations between species diversity and the stability of N utilization (H STN-LTN; H SMN-LTN ). All tests used a significance level of p < 0.05. All analyses were conducted using either 
Results

The Concentration of Soil N and Dominant Species Changed Significantly under Different Fire Intensities
In the early stages of restoration in the burned areas, STN changed sharply at high fire intensities, tending to increase initially and then decrease (Figure 1a) . Following low intensity fires, STN increased significantly. STN was lowest in areas with heavy fire intensity. A consistent trend was found when comparing the STN between soil layers; STN was higher in the 0-10 cm soil layers than the 10-20 cm layers, but this difference was not statistically significant between the layers.
The variation of SMN in the early stage of soil restoration followed a similar pattern to STN. Both increased significantly under low fire intensities, but SMN changed more sharply in the 10-20 cm layer. Unlike STN, SMN was significantly lower in the 10-20 cm layer than in the 0-10 cm layer. SMN was higher in burned plots than in unburned plots (Figure 1b) .
With increasing fire intensity, LTN showed a similar response pattern to STN during the restoration process, first decreasing, then rising, and then decreasing once more (Figure 2 ). The STN was highest for Betula platyphylla Suk. (BPS), with an average concentration of 19.83 ± 0.88 (g kg −1 ), while Larix gmelinii (Rupr.) Kuzen. (LGK) was the lowest, with an average concentration of 13.69 ± 0.53 (g kg −1 ). The LTN of BPS did not differ significantly between burned and unburned plots, but the LTN of LGK and LPL was significantly lower in burned than unburned plots. 
N Utilization Stability of Different Dominant Species in Burned Areas
In burned areas, the stability of N utilization could be rigorously described by the stoichiometric homoeostasis model: y = cx 1/H (Table S1) . Using these calculated H values, we analyzed the relationship between fire intensity and H for the three dominant species. In this formulation, species with a strong ability to adapt to environmental change have large H values. We found that the N utilization stability of plants was closely related to fire intensity and species composition in burned areas. Examples of N utilization stability across fire intensities are given in Figure 3 , with strong stability for LPL (a dominant shrub) and weak stability for BPS (a regenerated tree species). The H STN-LTN of LPL and LGK in the 0-10 cm layer first decreased significantly at low fire intensity, and then increased significantly at medium fire intensity, which suggests very stable N utilization under medium intensity (Figure 3a) . At 10−20 cm, the H STN-LTN of LGK and LPL decreased significantly under heavy fire compared with low fire intensity, while BPS increased significantly at medium fire intensity (Figure 3b) . At the same time, the N utilization was most stable among the dominant tree species for LPL, while it was least stable for BPS (Figure 3a,b) . For H SMN-LTN in different soil layers, the N utilization stability increased significantly in LGK and LPL during the initial recovery after low fire intensity, but stability was significantly weaker following heavy fire intensity (Figure 3c,d) . However, at 0-10 cm, the stability increased significantly for BPS after medium intensity. 
N utilization Stability Showed Different Correlations to the Diversity of the Species
We have shown that the concentration of soil N and leaf N changed significantly under different fire intensities. Finally, in order to investigate how species diversity and N utilization stability changed following fire, we calculated the correlation between species diversity and N utilization stability for the dominant tree species (Table 2 ). In general, by using the Pearson correlation analysis, we mainly found significant correlations between the Shannon index (H) and N utilization stability in burned areas. Specifically, for LGK, H SMN-LTN was significantly and negatively correlated with H in two soil layers; the H STN-LTN of BPS was significantly and positively correlated with the increasing H at 0-10 cm; and the H STN-LTN of LPL showed an extremely negative and significant correlation with H at 10-20 cm. 
Discussion
The Leaf Response is Consistent with Changes of Soil N in Burned Areas
Wildfire can augment soil N and soil microbial N via many mechanisms [43] : the thermal decomposition of forest vegetation produces a sharp increase in organic N, thereby promoting soil microbial nitrogen fixation activities. In our study, STN and SMN were significantly higher in the burned than unburned areas, especially following low fire intensity. This suggests that alterations in the physical environment may play a crucial role in determining N availability. The conclusions of our study are consistent with similar previous studies [43, 44] . We also found that STN and SMN declined significantly more following heavy fire intensity than low fire intensity. Heavy fire intensity combustion may increase the pH value in the soil and affect microbial activity [45] . At the same time, our results showed that SMN is significantly higher in the 0-10 cm soil layer than the 10-20 cm layer. The increase in soil N concentration may be due to N mineralization and decreases in plant utilization, which resulted in the release of a large amount of N into the soil at the surface and contributed to the difference in N between soil layers [46] .
In disturbed ecosystems, plant growth and community restoration are affected the changes of N availability [47, 48] .
Proper N input can promote the photosynthetic ability of plants, but oversaturation of N can negatively alter carbon distribution patterns in plants [23] . In this study, the concentration of leaf N was found to decline following low-intensity fire, and then to increase following heavy-intensity fire, for all dominant tree species, which can be fully explained by the above conclusions. Rapid increases in soil N and soil microbial N forced the leaf N and overall plant resource allocation to adapt to the changing environment [49] . Due to the low efficiency of N absorption, the concentration of leaf N declined significantly. At the same time, the N balance of soil and soil microorganisms was destroyed, and the concentration of soil microorganism declined following heavy-intensity fires [50] . This lowered the utilization of leaf N during restoration. The regenerating pioneer species BPS played an important role in the restoration of the community [44] , leading to higher N utilization, and the largest leaf N concentration. In this way, the utilization of leaf N achieved a dynamic balance despite the changes in soil N and soil microbial N.
The Difference in N Utilization Stability among Dominant Species Depends on the Intensity of Wildfire
Plants usually respond to dynamic stoichiometry with adapting their mechanisms of nutrient absorption [15] . Our results show that the N utilization stability changed significantly in the context of different fire intensities, likely due to the corresponding changes in soil nutrient conditions. For soil N utilization, the stability was greatest for regenerating shrubs (LPL), while it was lowest for regenerating trees (BPS). The H STN-LTN of shrubs and dominant trees first decreased significantly under low fire intensity, and then increased significantly under medium fire intensity, which suggests highly stable N utilization at medium fire intensities. As a forest is undergoing restoration, N utilization must be great to meet the nutrient needs required for rapid growth plant, which also reduces the stability [51] . The soil N concentration declined in the heavily-burned areas, so the plants likely adopted conservative growth strategies for this nutrient-deficient environment [52] , which thus improved N utilization stability. In contrast, N concentration in soils increased following low-intensity fires. More nitrogen was utilized to meet the needs of regenerating tree (BPS) growth, which reduced the nitrogen stability [53] . For LGK and LPL, the N utilization stability increased significantly at the initial stage of restoration after low fire intensity, but decreased significantly under heavy fire intensity. Because regenerating species might have better-developed regulation systems than native tree species, N utilization may be less stable when the soil N decreases [37] . By comparing the values of N utilization stability among the burned areas, we were able to describe how the interaction between the resource utilization strategy of the tree species and the nitrogen balance varies in the context of different burn intensities.
The Relationship between Species Diversity and N Utilization Stability Varies among Burned Areas
Many studies have shown that dominant species regulate and control key environmental resources, and thereby influence community succession [54] . Our study found that species diversity correlated strongly to plant N utilization stability in burned areas. Species richness also contributed to ecosystem stability [55] . In our study, Shannon index (H) and N utilization stability both correlated significantly with variation in burn intensity. Hautier et al. explored how species richness changed in response to N enrichment and found that nitrogen addition altered the relationship between ecosystem stability and diversity [56] . Utilizing soil N enhanced both the utilization stability and the stability of species diversity. Only the H STN-LTN of BPS showed a significant positive correlation with the H at 0-10 cm, which is consistent with previous studies [57] . A few reports have indicated that changes in N can either have positive effects on species stability [58] , or no significant impact [59] . Previous studies have found that high species loss due to low frequency of N addition does not affect annual net primary productivity because only a negligible amount of biomass is lost [60] . Yang reported that nitrogen addition positively contributes to ecosystem stability, mainly because it leads to an increase in the abundance of stable dominant species [58] . The maintenance of species stability depends on the composition of different functional traits in the community, and it is precisely because of the species compensation mechanism that the diversity and stability of the system are maintained [56] . In disturbed ecosystems, the redistribution of nutrients affects the dominant species, thus the damaged system changes its species composition to achieve a new balance [61] .
For dominant trees (LGK), H SMN-LTN was significantly negatively correlated with H in both soil layers. Ecosystem stability was determined by dominant species rather than by the rare ones [62] . For LPL, H STN-LTN was extremely negatively and significantly correlated with H at 10-20 cm. This suggests that for fire-disturbed ecosystems, species with unstable N utilization can rapidly augment their N utilization for a limited period of time [63] . Although different factors may affect the nature of ecosystems, stability of N utilization may be a dominant factor affecting the structure, function and stability of ecosystems [64] . Although, most previous studies have been done in grassland ecosystems [65] , forest ecosystems should not be ignored. Understanding the effects of nutrient changes on the relationship between species diversity and community stability in burned areas will assist in accurately assessing the impacts of wildfire on ecosystem functions and services.
Conclusions
Our study shows that wildfire promotes the soil N cycle, and also affects the stability of leaf N utilization. N homeostasis obviously varied among different fire intensities, which shows that N utilization is more stable under medium fire intensity than low fire intensity. As species diversity was restored, N utilization of dominant tree species became more stable and assisted in ecosystem recovery. Moreover, the change in soil N affected the N stability of the plants and correlated closely with species diversity. Furthermore, although we established the mechanisms of stability and restoration, the use of N utilization stability as a predictor was shown to be most valuable because many plant response mechanisms vary with the degree of disturbance. Our results also imply that it is important to restore species diversity and to stabilize the stoichiometric utilization of dominant species when managing damaged ecosystems. We need to pay attention not only to the restoration of species diversity, but also to the stoichiometric utilization stability of the dominant species that are directly related to community restoration, as they are particularly important in protecting community stability and resist interference.
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